In this work, we report a study on the infrared transmission spectroscopy of the double perovskite Ba 2 YMoO 6 . At 300 K, three bands are observed at ∼ 255.1 cm −1 , ∼ 343.4 cm −1 , and ∼ 561.5 cm −1 , which are related to the motion between the cation Ba 2+ and the anion YMO −2 6 , the Y-O stretching motion and the stretching vibration of the MoO 6 octahedron, respectively. These modes continue to harden upon cooling owing to the shrink of the lattice constant. When the temperature decreases to T ≤ 130 K around which the spin singlet dimer begins to form, an additional phonon mode appears at ∼ 611 cm −1 , suggesting the occurrence of local distortion of MoO 6 octahedra. With further decrease of the temperature, its intensity enhances and its peak position keeps unchanged. These results indicate that the formation of the spin singlet dimers is accompanied with the occurrence of the local structure distortion of MoO 6 octahedra, providing evidence for the strong spin-phonon coupling in the double perovskite Ba 2 YMoO 6 . PACS numbers: 75.10.Jm, Geometry frustrated magnetic materials have attracted widespread attention in recent decades because of the discovery of exotic ground states such as spin glass, spin ice, and spin liquid.
PACS numbers: 78.30.-j,75.10.Jm,63.20.-e Geometry frustrated magnetic materials have attracted widespread attention in recent decades because of the discovery of exotic ground states such as spin glass, spin ice, and spin liquid. [1] [2] [3] [4] Lattices based on triangular or tetrahedral architectures usually show geometry frustration. This includes the B-site ordered double perovskites with general formula A 2 BB ′ O 6 . In these materials, the magnetic ions occupy the B ′ site while alkaline-earths and lanthanides reside on the B site, forming two interpenetrating lattices with face-centered-cubic (fcc) symmetry. Since the magnetic moments form an edge-sharing tetrahedra network, the magnetism should be geometric frustrated. Considerate efforts have been devoted to experimentally investigate the magnetism of these double perovskites and a wealth of ground states have been revealed.
5-12
Here we focus on the double perovskite Ba 2 YMoO 6 , which is an example of the extreme s = 1/2 case and has an ideal cubic double perovskite structure at room temperature. While the Curie-Weiss temperature determined from bulk susceptibility measurements suggests strong antiferromagnetic (AFM) exchange interaction, no sign of static long-range magnetic order is observed above 2 K. 13, 14 It is found that with decreasing temperature the spins of adjacent s = 1/2 Mo 5+ gradually freezes into a disordered pattern of spin singlets without signatures of a phase transition, resulting in an exotic ground state with coexisting paramagnetism and collective spin singlets. [13] [14] [15] Above ∼ 125 K, a paramagnetic state is recovered in the system, without obvious signatures of a phase transition. 13, 15 Previous results show that although Jahn-Teller distortion could be expected to occur owing a) Author to whom correspondence should be addressed. Electronic mail: zhequ@hmfl.ac.cn to d 1 electronic configuration of Mo 5+ ions, Ba 2 YMoO 6 maintains cubic symmetry down to 2 K and no static structure distortion was observed by neutron diffraction down to 2 K.
14,16
It is known that the coupling between spin and lattice degrees of freedom usually plays an important role in geometry frustrated materials. Infrared spectroscopy is very sensitive tool to probe the spin-phonon coupling. Strong spin-phonon interactions are expected to manifest themselves as either anomalous frequency shifts or occurrence of new phonon peaks with the magnetic transition in infrared spectra.
17-21
In this work, we measured the infrared transmission spectra of Ba 2 YMoO 6 to explore the spin-phonon coupling in this compound. At 300 K, we observed three bands corresponding to the motion between the cation Ba 2+ and the anion YMO −2 6 , the Y-O stretching motion and the stretching vibration of the MoO 6 octahedron, respectively. These modes continue to harden upon cooling owing to the shrink of the lattice constant. When the temperature decreases to T ≤ 130 K around which the spin singlet dimer begins to form, an additional phonon mode appears at ∼ 611 cm −1 , suggesting the occurrence of local lattice distortion of MoO 6 octahedra. With further decrease of the temperature, the intensity of this phonon mode enhances and its peak position keeps almost unchanged. These results indicate that the formation of the spin singlet dimers is accompanied with the occurrence of the local structure distortion of MoO 6 octahedra, providing evidence for the strong spin-phonon coupling in the double perovskite Ba 2 YMoO 6 .
Polycrystalline Ba 2 YMoO 6 was prepared using the conventional solid-state reaction method. 
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o C under flowing 5 % H2/Ar gas. The structure and the phase purity of the samples were checked by powder X-ray diffraction (XRD) at room temperature. Magnetization measurements were performed with a commercial superconducting quantum interference device (SQUID) magnetometer (Quantum Design MPMS 7T-XL). The infrared transmission spectra were collected -100-FTIR) . Figure 1 displays the powder XRD pattern of Ba 2 YMoO 6 at room temperature. Rietveld refinement 22, 23 of the XRD pattern confirms that the sample is single phase with a cubic structure (F m3m space group). The lattice parameter is determined to be a = 8.3853Å, which agrees well with previous reports within the experimental error. Figure 2 shows the temperature dependence of the susceptibility χ(T ) and its reciprocal. It can be seen that there are two regions that follow the Curie-Weiss law. The Curie-Weiss fitting for the susceptibility above 150 K yields a Curie-Weiss temperature of -172 K, indicating the strong AFM exchange. The effective moment is determined to be 1.52 µ B , which is smaller than the spin only value for S = 1/2 due to the strong quantum fluctuations 10, 13 . Below ∼ 25 K, there is another linear regime in χ −1 . The Curie-Weiss fitting in this region shows a Curie-Weiss temperature of -2.2 K suggesting the weak AFM interaction. The effective moment is found to be 0.57 µ B , which corresponds to ∼ 10% fraction of all the S = 1/2 moments. The inset to Fig. 2 exhibits the temperature dependence of the susceptibility after the substraction of the low temperature Curie tail. It displays a gap-like feature with a peak at ∼ 130 K, which is related to the spin-gap opening at this temperature. 14,15 All these results are consistent with previous reports, 13, 14, 16 confirming that our sample is of high quality.
13,14
We further measured the infrared transmission spectra of Ba 2 YMoO 6 at various temperature to probe the lattice distortion in this compound. The results are shown in Fig. 3 (a) . There are three well defined absorption bands associated with the lattice vibrational modes (phonons) having the typical profile expected for an insulating material. At 300 K, these strong phonon modes are observed near ∼ 255.1 cm −1 , ∼ 343.4 cm −1 , and ∼ 561.5 cm −1 , respectively. The phonon band centered at about 255.1 cm −1 should be related to the motion between the cation Ba 2+ and the anion YMO −2 6 similar to other double perovskite compounds. 24 The phonon band around ∼ 343.4 cm −1 can probably related to the Y-O stretching motion, as that observed in Ba 2 YNbO 6 .
25 The strong high-energy phonon band located near 561.5 cm −1 should be assigned to the stretching vibration mode of the MoO 6 octahedron due to the higher charge of this cation.
25
With decreasing temperature, one can see that all these three bands are displaced toward higher energy direction, implying an enhancement of the bond strength. This is in agreement with the slight shrinkage of the lattice constant upon cooling in Ba 2 YMoO 6 .
14,16 More importantly, as shown in Fig. 3 (b) , an additional phonon mode occurs at ∼ 611 cm −1 when the temperature decreases to T ≤ 130 K. This fact suggests that a new stretching vibration mode of the MoO 6 octahedron appears below ∼ 130 K, hinting that a local distortion of MoO 6 octahedron should occur. Since the occurrence temperature of this mode corresponds to the peak temperature in χ(T ) curve around which the spin-singlet pairs begin to form and the spin gap opens, 14,15 the occurrence of such phonon peak suggests that there is strong spin-phonon coupling in Ba 2 YMoO 6 . This argument is further supported by the temperature dependence of this additional phonon peak. It can be seen that its peak position keeps almost unchanged with further decrease of the temperature, hinting that the strength of the local lattice distortion does not change. On the other hand, the intensity of this phonon mode enhances upon cooling and approaches saturation below ∼ 30 K (see Fig.  3 (c) ), which means that more and more MoO 6 octahedra become distorted. This results can be understood by considering the magnetic properties of Ba 2 YMoO 6 ; since increasing numbers of spin singlets are formed upon cooling, the local lattice distortion is expected to occur in increasing number of MoO 6 octahedra. All these results indicate that the formation of the spin singlet dimers is accompanied with the occurrence of the local structure distortion of MoO 6 octahedra, suggesting that there is strong spin-phonon coupling in the double perovskite Ba 2 YMoO 6 .
In summary, we have conducted an infrared transmission spectroscopy study in the double perovskite Ba 2 YMoO 6 to investigate its spin-phonon coupling. Three phonon bands have been identified at 300 K. We find that an additional phonon mode appears at ∼ 611 cm −1 when the temperature decreases to T ≤ 130 K around which the spin singlet dimer begins to form, suggesting the occurrence of local distortion of MoO 6 octahedra. With further decrease of the temperature, its intensity enhances and its peak position keeps unchanged. Our results indicate that the formation of the spin singlet dimers is accompanied with the occurrence of the local structure distortion of MoO 6 octahedra, providing evidence for the strong spin-phonon coupling in the double perovskite Ba 2 YMoO 6 .
